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Abstract

This paper describes electromagnetic design results for
the compact 6.3 MeV electron linac for the radiation ther-
apy facility. Linac is based on S-band biperiodic accelerat-
ing structure with inner coupling cells with an increased
coupling coefficient.

INTRODUCTION

Biperiodic accelerating structures with on-axis coupling
cells with high cell-to-cell coupling coefficients have been
developed in NRNU MEPhI since 2010 [1-5]. The joint
team of CORAD and MEPhHI has constructed a linear elec-
tron accelerator for industrial applications based on the de-
veloped structures [6, 7]. That accelerator was success-
fully launched, tested and put into operation in 2015 [8].
Linac has high electrical efficiency, narrow beam energy
spectrum, provides energy regulation, and low accelerated
beam losses. It is based on 2856 MHz biperiodic acceler-
ating structure for the energy range from 7.5 to 10 MeV
and beam power up to 20 kW. The klystron TH2173F (Tha-
les Electron Devices) was used for linac RF feed. It pro-
vides up to 5 MW of pulse power for 17 pus RF pulses du-
ration and up to y 6 kW of averaged power. Another two
accelerators have been manufactured, installed at EB-Tech
Company site in Daejeon, Republic of Korea, and at “Rod-
niki” Industrial Park, Ivanovo Region, Russia, and success-
fully tested [8].

This paper presents biperiodic accelerating structure
with inner coupling cells with an increased coupling coef-
ficient. It was developed for compact 6.3 MeV electron
linac for radiation therapy facility. The power source that
is planned to use is 3 MW magnetron MI456B or
E2Vmg7095. The operating frequency of these sources are
2997.8 MHz. Since the accelerating structures should be
tuned to the source frequency, the operating frequency of
the linac should be set at 2997.8+1.0 MHz.

The structure was based on the MEPhI and CORAD de-
signed S-band linac operated at 2856 MHz design with rel-
atively large cell-to-cell coupling coefficient [3]. Struc-
tures operating at frequency of 2856 MHz have one more
advantage: the production technology was earlier devel-
oped and is ready [8]. However, the 2856 MHz structures
cannot be used in the facility under development due to the
fact that operating frequency does not correspond to power
source one. For this reason, the accelerating structure ge-
ometry was scaled in order to reach the 2997.8 MHz RF
frequency, while keeping the coupling coefficient of at
least 8% and reach the highest possible shunt impedance.

The optimization of the structure in order to increase the
shunt impedance is necessary because of power source lim-
itations and necessary beam parameters to be met.
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Accelerating section of this linac has been designed un-
der the strict limitations on the facility length and ratio of
electromagnetic fields values in bunching cells. Linac tech-
nical requirements are summarized below in the Table 1.

The geometry of the structure is developed according to
the beam dynamics simulation results and the electrody-
namic parameters requirements. The longitudinal dimen-
sions were calculated from beam dynamics. The angle and
depth of the drift tube cones and the diaphragm thickness
were selected on the basis of the original structure and were
kept unchanged due to the fact that the overvoltage factor
value in the base structure was low enough for fast condi-
tioning and stable operation.

Table 1: Technical Requirements for Accelerating Struc-
tures of the Compact 6.3 MeV Electron Linac for Radiation
Therapy Facility

Parameter Value Unit

Total length 400< mm

Number of bunching cells 3

Number of regular cells 5

Operating frequency 2997.8 MHz

Coupling coefficient 8...10 %

Shunt impedance 65...90 MQ/m

Total Loss 1.6< MW

Ratio of EM field values in 0.4...1

buncher

RF Power source 3 MW
REGULAR CELLS

Dimensions of regular cells were adjusted by scaling [5]
the original structure [3] in order to achieve the required
values of the cell operating frequency, shunt impedance
and the coupling coefficient. Then the particular dimen-
sions were adjusted to make the result more precise. Fine
tune was done using electromagnetic field simulation soft-
ware CST Studio Suite [9]. The cell tuning was considered
successful when the value of the accelerating field in the
coupling cells turned out to be zero upon reaching the
above parameters.

The coupling coefficient and the shunt impedance values
were adjusted using the position and the area of the cou-
pling slots. The obtained electrodynamic characteristics are
presented in Table 2.

The geometry of the regular cell, electric field topogra-
phy and the accelerating field distribution along the tuned
cavity axis for 1 J of stored energy respectively are pre-
sented on the Fig. 1.
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Table 2: RF Parameters of the Regular Cavity

Parameter Value Unit
Operating frequency 2997.8 MHz
Coupling coefficient 8.1 %
Q-factor 15200

Effective Shunt Impedance 79,05 MQ/m
Overvoltage factor 2.28
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Figure 1: Geometry of the regular cell (a); Electric field
topography (b); The distribution of the longitudinal com-
ponent of the electric field on the cell axis for 1 J of stored

energy (c).

BUNCHING CELLS

According to the requirements of the beam dynamics
calculation accelerating structure includes 3 bunching
cells. Ratio of electromagnetic fields values are in the
range of 0.4 to 1 from the beginning of the bunching part.
The electromagnetic fields ratio can be set up by changing
the ratio between areas of the coupling gaps of the buncher.
For this reason, it is necessary to take into account the mar-
gin in the area of the coupling slots in order to establish the
required ratio of the accelerating fields in the buncher when
designing the regular part.

An attempt was made to increase the area of coupling
slots in order to get the coupling coefficient as high as 10%.
However, the creation of a buncher without depriving the
first two cells of noses was not possible. The deprivation
of two buncher cells of noses would lead to a noticeable
deterioration in the shunt impedance of the structure, below
the minimum possible value. Therefore, it was decided to
create a compromise option with a coupling coefficient of
8% and an acceptable shunt impedance.
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The first bunching cell was designed without a nose in
order to achieve the necessary electromagnetic field distri-
bution. The sectional side view of the bunching part is pre-
sented on the Fig. 2.
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Figure 2: Sectional side view of the bunching part.

THE WHOLE STRUCTURE

According to the requirements of the beam dynamics
calculation the accelerating structure consists of 3 bunch-
ing and 5 regular cells. The geometry of the whole structure
is presented on the Fig. 3.

Figure 3: Side view of the S-band accelerating structure.

The electric field topography and the distribution of the
module of the longitudinal component of the electric field
on the axis of the tuned structure for 1 J of stored energy
respectively are presented on the Fig. 4.
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Figure 4: Electric field topography (a) and the distribution
of the module of the longitudinal component of the electric
field on the axis of the tuned structure for 1 J of stored en-

ergy (b).
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The first and last cells of the structure have coupling
gaps only on the one side. For this reason, they were addi-
tionally tuned to achieve the symmetric electric field dis-
tribution.

To obtain the precise operating frequency for the whole
linac structure, the radius of each cell was individually
slightly modified after all preliminary tuned cells of the
structure were put together.

The electrodynamic characteristics of the structure are
presented in Table 3. The obtained cell-to-cell coupling co-
efficient value is relatively large at the optimal shunt im-
pedance value for the power supply system.

Table 3: Electrodynamic Characteristics of an Optimized
S-Band Accelerating Structure

Parameter Value Unit
Operating frequency 2997.8 MHz
Q-factor 15300
Effective Shunt Impedance 68,89 MQ/m
Overvoltage factor 2.64

THE INPUT COUPLER

The accelerating structure is fed with RF power through
power coupler of traditional design. Feeding WGI10
(72*34mm) rectangular waveguide is coupled to accelerat-
ing cell via rectangular coupling slot.

Overcoupling factor of about 2.4 without beam loading
provides near to critical coupling at specified beam current.
Electromagnetic field in coupler cell is symmetrised by ad-
ditional cut-off waveguide used also as vacuum pumping
port. Accelerating structure with the power coupler is pre-
sented on the Fig. 5.

Figure 5: Side view of the S-band accelerating structure
with the power coupler.

CONCLUSION

A 2997.8 MHz biperiodic accelerating structure for the
compact 6.3 MeV electron linac for the radiation therapy
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facility was successfully designed. The final optimized ge-
ometry of the e-linac structure is presented in Fig. 3 and its
electrodynamic characteristics are summarized in Table 3.
The structure was optimized to produce a symmetric elec-
tric field with a ratio of electromagnetic fields values in the
range of 0.4 to 1 in the bunching part as shown in Fig. 4.

The position of the power input device was selected, tak-
ing into account the infrastructure of the project. The opti-
mal value of the coupling coefficient has been calculated.

The electron gun for the radiation therapy complex pro-
ject is also in the design process.
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